Abstract The present study was focused to investigate the effect of selected spices (turmeric, torch ginger, lemongrass and curry leaves) on the formation of heterocyclic amines (HCAs, IQx, MeIQ, MeIQx, DiMeIQx, IQ, harman, norharman, and AαC) in deep fried lamb meat. Meat samples were marinated with optimized levels of turmeric (4 %), 10 % each of torch ginger, lemon grass, curry leaves at medium (70°C) and well done (80°C) doneness temperatures. The concentration of HCAs in deep fried meat samples were analysed using LC-MS/MS technique. The results revealed that torch ginger (10 %) has reduced 74.8 % of Me1Qx (1.39 to 0.35 ng/g) at medium doneness, followed by the 64.7 % reduction, using curry leaves and turmeric at medium degree of doneness. Torch ginger has reduced 86.6 % of AαC (2.59 to 0.40 ng/g) at well done doneness. The most prevalence level of HCAs was found in deep fried meat i.e. DiMeIQ (3.69 ng/g) at well done doneness. The sensory evaluation, using a 7 point hedonic test design for colour and texture in deep fried meat samples were resulted in a preferred color of golden brown and slightly tough texture. The use of local spices in marinating of deep fried lamb meat samples will certainly inhibit/reduce the level of these toxic and harmful HCAs.
Introduction
The studies have shown that majority of heterocyclic aromatic amines (HCAs) possess strong mutagenic and carcinogenic properties as they are classified into the group of indirect mutagens/carcinogens, subject to metabolic activation due to the influence of cytochrome P450 (Szterk 2015) . However, the International Agency for Research on Cancer has classified MeIQx, MeIQ and PhIP as reasonably anticipated to be a human carcinogen, while IQ is placed in the list of a probable human carcinogen (IARC 1993) . Epidemiological studies (Norat et al. 2005; Knutsen et al. 2007 ) have shown an increased risk of cancer in the breast, intestine, bladder, prostate and pancreas after high consumption of fried, well-done and barbecued meat. HCAs may produce when meat is heat-treated using traditional procedures such as frying, barbecuing and smoking (Jägerstad and Skog 2005) . The results of previous studies have indicated that all types of meat such as beef, pork, goat and lamb, may produce HCAs at high levels when cooked at high temperatures.
In Southeast Asia including Malaysia, Indonesia, Thailand, and Singapore, meat whether in the form of satay or grilled, steamed, roasted or fried is a very popular among local people. The use of deep fried chicken or lamb meat is very common along with boiled rice. Furthermore, meat grilled over wood or charcoal fires is also common and served with various spicy seasonings. The studies have revealed that thermic HCAs are produced as a result of complex reaction between creatine/creatinine, free amino acids and sugars through the Maillard reaction at temperatures between 150 to 300°C (Jägerstad et al. 1998) . However, the pathway of pyrolytic HCAs production was not so clear but studies have revealed that it may be produced as a result of pyrolysis of proteins or amino acids when heated at higher temperatures i.e. > 300°C (Matsumoto et al. 1981) .
In our previous study we have utilized different levels of selected spices on beef satay and optimized the level of these selected spices (Jinap et al. 2015) . In current study we have used the optimized levels of selected spices in lamb meat with deep fried cooking method because type of meat can affect the formation of HCAs. The basic objectives of our study are i) to investigate the effect of optimized levels of selected spices on the inhibition of HCAs in deep fried lamb meat, ii) to evaluate the effect of spice marination on the color and texture proprieties of lamb meat.
Materials and methods

Chemicals
HCAs standards of IQ, MeIQ, MeIQx, 4,8-DiMeIQx, norharman, harman and AαC were purchased from Toronto Research Chemicals (Toronto, Canada). A stock solution of 100 μg/g in methanol was prepared for each HCAs and diatomaceous earth (Extrelut 20) was obtained from the International Sorbent Technology (Hengoed Mid Gleam,UK), Oasis MCX cartridges (3 cm 3 /60 mg) were purchased from Waters (Milford, Massachusetts, USA). MCX cartridges were preconditioned with 2 mL of ethyl acetate.
Sampling
The fresh lamb samples (n = 3) with sample size of 5 kg from local origin were purchased from local markets of Selangor, Malaysia. Visible connective tissues and external fat were removed and the pH of meat samples was determined prior to analysis. The meat was then cut into big pieces again the grain, in which each piece has a weight of 1 ± 0.005 g. All the cut meat samples were put into polyethylene plastic bags and stored in the refrigerator (4 ± 1°C).
Local spices preparation
The fresh turmeric, torch ginger flower, curry leaves and lemongrass were obtained from local market, Selangor, Malaysia. The spices were prepared as discussed in Jinap et al. (2015) .
Preparation of marinades formulation
The optimal range of each spice was developed based on our previous study Jinap et al. (2015) . The optimised range for turmeric was 4 %, while other spices optimized range was 10 %. Each spice concentration (powdered form) was applied (2 replicates) on meat samples, then mixed and left for 24 h. The meat samples having no treatment of spices were classified as control samples. Percentage of marinade uptake for each treatment was determined after 24 h ( Table 1 ). The weight of sample before marination (W 0 ) and after marination (W 1 ) was recorded. The percentage weight gain was calculated based on formulation.
Preparation and deep fried conditions of lamb meat
The lamb meat samples were pan-fried for 1, and 1.5 min at cooking temperature of 180 ± 4°C with internal temperature of 70°C (Medium) and 80°C (well done) doneness temperatures in a Teflon pan, which was rubbed with sunflower oil before using. The pan was cleaned after each frying procedure and was rubbed again with sunflower oil. The temperature was monitored by using a data logger (Therm, Ahlborn, Holzkirchen, Germany). The heated lamb meat slices were then cooled and stored at 4°C until use in subsequent analysis.
Extraction of heterocyclic amines
HCAs were extracted from meat samples using the method developed and validated by Gross et al. (1992) , and modified by Messner and Murkovic (2004) . A subsample (1 g) of ground meat was dissolved in 12 mL of 1 M NaOH. The suspension was homogenised using a shaker (Memmert, Berlin, Germany) at high speed for 3 h. The samples were then mixed with 13 g diatomaceous earth, and the mixtures were poured into an Extrelut 20-ml column. A 50 mL volume of ethyl acetate was used as extraction solvent and 25 mL volume was used from 50 mL sample and passed through the MCX cartridges. The MCX cartridge was then washed with 2 mL of 0.1 M HCl followed by 2 mL methanol. The analytes were then eluted with 2 mL of methanol: concentrated ammonia (19:1, mL:mL) before they were evaporated to dryness under a stream of nitrogen, and the final extract was dissolved in 100 μL methanol.
LC-MS/MS conditions
The samples and standards for constructing calibration curves were injected in a Thermo LC-MS/MS system, which consisted of a quaternary pump and an autosampler (Accela; Thermo Fisher Scientific, San Jose, CA). The column for the separation of HCAs was a Hypersil GOLD C 18 reversedphase ( Mass spectrometry and quality control parameters (Fig. 1 ). The calibration curves for all compounds were linear (r 2 > 0.998). The limit of detection was 0.1 ng/g. The average recoveries of nine HCAs (spiked level 2 ng/g) in marinated grilled lamb samples were: norharman 92.6 ± 5.9 %, AαC 78.3 ± 7.9 %, IQ 79.3 ± 9.1 %, IQx 71.4 ± 11.2 %, MeIQ 91.5 ± 8.4 %, MeIQx 88.3 ± 14.1 %, and DiMeIQx 109.1 ± 7.9 %.
Sensory tests
A total of 30 panelists (graduate students) from the Faculty of Food Science and Technology participated in the pre-selection of panelists for the sensory evaluation of lamb meat. They were selected through series of basic test and triangle test. Time ( 197.049-197.059, 198.212-198.222 analysis (QDA) tests at different sessions. The panellists first evaluated lamb meat that had not been marinated to determine the preferred (optimal) effect of local spices at different doneness. Sensory scores (7 point hedonic scale) were rated using a 7 cm scale for color (0-7, very light brown to brunt), texture (0-7, very tender to hard). The panellists have ranked the samples by a mark on the scale. For each spice, one portion was prepared without the addition of spice concentration (as control), while the other was prepared with different concentrations of spices. The lamb meat samples were prepared in duplicate and cooked 1 h before sensory evaluation and kept warm in a warmer plate, until being evaluated. All products were presented in three-digit codes.
Statistical analysis
T h e d a t a o f s a m p l e s ( 3 × 2 ) w a s g i v e n a s mean ± standard deviation. The statistical analyses (Levene's test for homogeneity, Shapiro-Wilk test for normality) were performed by using the statistical package MINITAB 16. Two-way analysis of variance was performed to determine the significant difference among treatments at p ≤ 0.05. Results and discussion Marination uptake Table 1 shows the marination of spices at 24 h duration. The results have showed that with the increase in the levels of spices, the marination uptake was also increased. The highest marination uptake was 3.61 ± 0.33 %, using lemon grass with 10 % level, followed by 2.77 ± 0.31 % using 4 % turmeric.
Weight loss of fried meat samples
The weight loss (%) of deep fried lamb samples marinated with lemongrass, curry leaves, torch ginger and turmeric at different concentration and two degrees of doneness is shown in Fig. 2 . The results have revealed that the percentage weight loss of samples was varied with varying marination levels of spices and degree of doneness. The percentage of weight loss was increased with the increase in cooking time, but inverse relation was found with the increase in levels of marination.
The highest weight loss of deep fried lamb meat was observed at well done doneness, when treated with 1 % of turmeric. The weight loss was in the range of 32-56 %. The results of present study was in complete agreement with our previous study (Jinap et al. 2015) , which have documented the weight loss in the range of 20-57 %, when beef meat was grilled with spices marination. In another study Gibis et al. (2015) observed that weight loss increased from 39 to 53 % at 150-170°C, if the frying time was increased from 3 to 6 min. Viegas et al. (2012) have documented the average weight loss of 39 % in barbecued chicken samples. However, Sinha et al. (1995) observed 42 % cooking losses for barbecued chicken.
Sensory evaluation of fried lamb samples
The panelists (n = 30) evaluated the prepared colour and texture of deep-fried at medium and well done cooking temperature with optimal level of different spices for lamb meat samples are shown in Figs. 3a, b, c, d . The deep-fried meat samples marinated with torch ginger at 2.5 %, 5 %, 7.5 % and 10 % levels were got the most optimal scores. The color in Figs MeIQx, DiMeIQ by using optimized levels of curry leaves, torch ginger, turmeric and lemon grass in lamb d The % age reduction of harman, norharman and AαC by using the optimized levels of curry leaves, torch ginger, turmeric and lemon grass in lamb formation of HCAs. The longer the cooking time, more browning and HCAs formation will occur. The results have also shown that all medium cooked control, turmeric and lemongrass treated samples had less browning than that of wellcooked samples. Marination process has effect on the reduction of browning of samples. Marinated sample might undergo less browning reaction compared to un-marinated samples (Smith et al. 2008 ).
Reduction of HCAs in marinated lamb meat Figure 4a shows the effect of optimal levels of selected spices on the reduction of IQ, MeIQ, IQx, MeIQx and DiMeIQ and (4b) in harman, norharman and AαC in lamb meat samples at medium and well done doneness. The concentration of HCAs in deep fried lamb meat samples were analysed using LC/MS and the range in control sample was 0.67 to 3.69 ng/g. The level of DiMeIQ was found highest 3.69 ng/g at well done doneness. The results have shown that maximum levels of reduction of AαC occurred at well done doneness using torch ginger (10 %) and turmeric (4 %), which reduced the level from 2.59 to 0.40 and 0.41 ng/g, respectively. Figure 4c shows the percentage reduction of IQ, MeIQ, IQx, MeIQx and DiMeIQ and 4(d) percentage reduction of harman, norharman and AαC in deep fried lamb meat In our previous study turmeric (4 %) level has shown maximum reduction of IQ (82 %) in marinated grilled beef from 11.43 ± 0.53 to 2.05 ± 0.18 ng/g (Jinap et al. 2015) . In another study the use of 0.2 % and 0.5 % of thyme, savoury and oregano extracts slightly decreased the formation of 1-methyl-6-phenyl-1 H-imidazo [4,5-b] pyridin-2-amine (PhIP). They observed that oregano and basil extracts have shown the best positive and negative effects on the formation of PhIP (Damašius et al. 2011) . Quelhas et al. (2010) used green tea marinade in pan-fried beef cooked at 180-200°C for the reduction of PhIP and AαC and found that marinating in green tea resulted a significant decrease (p < 0.05) in the level of these HCAs. Gibis and Weiss (2012) , used oil-based marinades containing grape seed extract formulated in a water/oil emulsion and rosemary extract in oil and observed that four HCAs MeIQx, PhIP, norharman, and harman were found at low levels in all fried patties, MeIQx (0.3-1.0 ng/g), and PhIP (0.02-0.3 ng/g). The levels of MeIQx and PhIP were significantly reduced by 57 and 90 % (p < 0.05), respectively, comparable with our results in which the level of studied HCAs were reduced from 36 % to 84.6 %. Other spices like black pepper investigated by Oz and Kaya (2011) have showed that it reduced 100 % PhIP in meatball fried and it can inhibit the level of HCAs from 12 to 100 %.
However, to understand how spice marination inhibits the formation of HCA in meat samples is not clearly understood. Previous studies have indicated that the presence of antioxidants in spices and the ability of antioxidants to inactivate the formation of free radicals were the possible reasons. Antioxidants could act as inhibitors along different pathways of the reaction and thus prevent the mutagens formation, through radical quenchers and free radical scavenger's activity (Vitaglione and Fogliano 2004) . In addition, Johansson and Jägerstad (1996) examined the effects of prooxidant and antioxidant on HCAs inhibition and suggested that prooxidant or antioxidant effect was dependent on concentration.
Potential explanation of results
The results have shown comparatively high levels of HCAs in deep fried meat samples at well done cooking. One reason for this fact is the weight loss before frying and increased weight loss during the frying process because low moisture content during frying enhances the formation of HCAs. Additionally, the fat is melted out during cooking and thus leaving meat part which contained typical precursors which accelerate the formation HCAs such as creatine, free amino acids and sugars.
Conclusions
The results have shown that local spices like torch ginger, curry leaves, lemon grass at 10 % level and turmeric at 4 % level are effective for the inhibition of HCAs during deep frying of lsmb meat. The highest reduction 86.6 % of AαC (2.59 to 0.40 ng/g) at well done doneness was achieved using torch ginger (10 %). The sensory evaluation, using a 7 point hedonic test design for colour and texture, of the deep fried lamb meat resulted in a preferred color of golden brown and slightly tough texture.
